The weather research and forecasting model with chemistry Chem) was used to investigate a typical dust storm event that occurred 32 from 18 th to 23 rd March 2010 and swept across almost all of China, Japan, 33 and Korea. WRF-Chem captured the spatial and temporal variations in 34 dust aerosols and the meteorological conditions over East Asia well, and 35 the results were used to further investigate details of processes related to 36 dust emission, long-range transport, and radiative effects of dust aerosols 37 over the Taklimakan desert (TD) and Gobi desert (GD). Results showed 38 that the differences of weather conditions and topography and surface 39 types in dust source regions may lead to the differences of dust emission, 40 uplift height and transport. The typical dust event over East Asia was 41 classified into two main stages. In the first stage (18 th -20 th March), the 42 GD was located in the warm zone in advance of a cold front. The 43 enhanced convection increased momentum transfer in the middle and 44 lower troposphere because of the instability in the atmosphere. Moreover, 45 the GD is located in relatively flat, high altitude regions influenced by the 46 confluence of the northern and southern westerly jets. Therefore, the GD 47 dust transport was the primary contributor to the dust concentration over 48 East Asia. The strength of the dust emission decreased greatly during the 49 second stage (21 st -23 rd March). The TD dust emission contributed to the 50 dust concentration over East Asia. Cold air was lifted over the Pamir 51 Plateau and intruded into the Tarim basin causing a strong uplifting 52 motion. The average TD dust emission flux was 27.2±4.1 µg m -2 s -1 .
convective scheme [Kain et al., 1990 and Kain et al., 2004] were also 195 used to represent cloud microphysics and convection processes [Zhao et 196 al., 2013] in the simulation. To produce a more realistic simulation of the 197 large-scale circulation situation and main weather systems, the modelled 198 u-and v-wind components and atmospheric temperatures were nudged 199 Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -531, 2016 Manuscript under review for journal Atmos. Chem. Phys. [Winker et al., 2006 [Winker et al., , 2007 . In this work, the observed aerosol extinction 209 from the CALIPSO level 2 5-km Cloud and Aerosol Profile Products 210 version 3.3 were analyzed. The retrievals were used to evaluate the 211 simulated vertical structure of dust particles along the orbital path at 212 20:08 UTC on 19 th March 2010 in the study. The data for clouds and 213 stratospheric features by the atmospheric volume description and cloud 214 aerosol discrimination (CAD) score was screened [Liu et al., 2004] .
215
Features with CAD scores exceeding 80 were selected for this work, 216 which provided a confidence for the classification of dust layers using the 217 CALIOP cloud-aerosol discrimination algorithm. standardized automatic sun photometers that measure sun and sky 226 radiances at several wavelengths in the visible and near-infrared bands.
227
The observed radiances are further processed to retrieve aerosol 228 Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -531, 2016 Manuscript under review for journal Atmos. Table 2 ) and remote regions (Taihu, 295 Gwangju_GIST, Shirhuma and Ussuriysk in Fig.1 and Table 2 ) (Fig.4 ).
296
In order to show the contribution of dust particles to the total AOD in 297 different regions over East Asia, the simulated dust AOD (Blue lines) are 298 also shown in Fig. 4 . In addition, the vertical profile of the dust aerosols 299 is the critical factor that determines the radiative forcing and climate 300 response from mineral dust [Huang et al., 2008] . The accurate estimates 301 of the vertical structure make sense to reveal the variation of the dust 302 optical properties and dust long-term transport mechanism ( Fig. 5 ).
303
The peak value center of the dust aerosol occurred in the TD and GD 304 and declined toward the north on 18 th March (Fig. 4) . The daily average 305 of the observed AOD at SACOL was 0.28, and the corresponding 306 simulated AOD was less than 0.1. Over dust remote regions, the dust 307 AOD accounted for less than 10% of the total AOD. Then, a large 308 amount of dust aerosol was injected, especially over the GD on 19 th
309
March. The simulated AODs showed good consistency with those from 310 the ground-based data. The dust AOD accounted for more than 95% of 311 Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -531, 2016 Manuscript under review for journal Atmos. Chem. Phys. Published: 3 August 2016 c Author(s) 2016. CC-BY 3.0 License.
the total AOD at SACOL. The observed AOD was 0.58, which was 312 comparable to the corresponding simulated AOD (0.53) at SACOL.
313
The observed AOD over the TD exceeded that over the GD by 0.3 314 on 20 th March. The observed AODs at SACOL were higher than the 315 simulated AOD by up to 15% because of the effects of the local emission 316 source. The AODs at SACOL and Mt_Waliguan AOD showed a 317 decreasing trend. However, the dust AODs began to increase at the Taihu, 318 Ussuriysk, and Gwangju_GIST sites, thus indicating that the dust 319 particles from the dust source regions were transported to Japan, Korea, 320 and Russia. The Mt_Waliguan AOD increased rapidly up to 0.5, and the 321 higher dust AOD (0.6±0.14) persisted at the Taihu site on 21 st March. On 322 22 nd -23 rd March, the TD and GD dust mass loadings greatly weakened.
323
The dust AODs were close to 0, except for the SACOL and Mt_Waliguan 324 sites, which are near the dust source regions (Fig. 4) .
325
Moreover, the WRF-Chem model captured the vertical structure of 326 aerosols over and near the TD well (Fig. 5) . As is well known, the the GD (about 4 km) ( Fig. 6 ).
374
The cold advection behind the through helped the cold vortex to 375 spread slowly eastwards when the angle between the isotherm and the 376 isoheight was sufficient on 20 th March, (Fig. 7) . Cold air accumulated to 377 the north of the Tianshan Mountains and then climbed over the mountains, 378 spreading northwestwards (Fig. 8 ). The dust emission over the TD (18.4 379 µg m -2 s -1 ) was further enhanced by the influence of the anticyclone 380 behind the cold front. As the upper troughs weakened and moved out, the 381 GD dust emission (8.2 µg m -2 s -1 ) began to decrease (Fig. 9 ). The PM 2.5 382 dust concentration decreased to 22±8.2 µg m -3 ( Fig. 6) , thus indicating 383 that the first stage of the dust storm event was essentially completes.
384
The period of 21 st -23 rd March is regarded as the second stage of the March (Fig. 8) . The dust emission flux decreased to 10 µg m -2 s -1 in the 396 two dust source regions (Fig. 9 ). The dust mass loading over East Asia 397 (including Japan and Korea) weakened further.
398
Moreover, the prevailing wind is the key factor for producing 399 significant differences in dust emission and long-term transport over the 400 TD and GD (Fig. 10) . The TD is located in the basin surrounded on three From the thermodynamic perspective, the GD dust was also more 411 favorable than the TD dust in terms of the dust emission and vertical 412 transport (Fig. 11) . Specifically, the temperature profile over the GD from 413 the surface to the 700 hPa was almost parallel to the dry adiabatic rate, temperature, even less than that in the wet adiabatic rate, and an 421 absolutely stable state, which required more energy to lift an air parcel.
422
Therefore, the vertical movement of the air was inhibited, and the 423 elevation of the dust layer ceased. In addition, the relative humidity in the 424 GD was low within the entire layer, whereas it remained low in the TD in 425 the lower-middle troposphere but increased with height, resulting in a 426 humidity condition that was dryer below and wetter above. This is the 427 hallmark of a conditional stable state, which inhibits the convective 428 movement of the atmosphere. March), the GD dust emission was the largest contributor to the dust 439 concentration over East Asia (Figs. 12) . The daily dust emission flux over 440 the GD peaked above 68 µg m -2 s -1 . The contribution of the transport of 441 the GD dust particles (up to 3.4 ton day -1 ) was much greater than that of 442 the TD dust (up to 1.5 ton day -1 ) (Fig. 12) . The strengthening dust 443 emissions weakened substantially in the second stage (21 st -23 rd March).
444
The TD dust emission exerted an important effect on the dust 445 concentration in that stage. The average TD dust emission flux was 446 20±4.6 µg m -2 s -1 (Fig. 9 ). Dry deposition was the largest sink over the 447 TD, and the wet deposition was much smaller over the TD and GD. 
490
In the atmosphere, the dust aerosol induced positive SW radiative 491 forcing (+1 to +11 W m -2 ) and negative LW radiative forcing (-1 to -9 W 492 m -2 ), which led to warming in the atmosphere because of dust absorption.
493
The LW radiative forcing was negative in TD and GD since the dust 494 layers sent LW to TOA. The slightly positive net forcing varied from +4 495 to +8 W m -2 over the TD, +3 to +6 W m -2 over the GD, and 0 to +4 Wm -2 496 over eastern China, which showed the warming effect of dust layers in 497 the atmosphere. Therefore, the radiative heating rate of dust has a 498 significant influence on the vertical distribution of temperature of 499 atmosphere. Fig. 15 further illustrated that the vertical profiles of the 500 radiative heating rate induced by dust particles over East Asia. In general, 501 dust induced warming in the atmosphere, especially over the TD and GD.
502
The radiative heating rate was maximum over the GD at 0.14±0.03 K 503 day -1 in the 1-3 km layers, where the dust mass loading was greatest, and 504 Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -531, 2016 Manuscript under review for journal Atmos. Chem. Phys. Published: 3 August 2016 c Author(s) 2016. CC-BY 3.0 License.
gradually decreased with height. In comparison, the radiative heating rate 505 peaked in the 1-2 km layers over the TD, exhibiting values ranging from 506 0.04 to 0.12 K day -1 , lower than those of the GD. Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -531, 2016 Manuscript under review for journal Atmos. Chem. Phys. Published: 3 August 2016 c Author(s) 2016. CC-BY 3.0 License.
over Japan and Korea. The contribution of transport of the GD dust 532 particles (up to 3.4 ton day -1 ) was much greater than of the TD dust (up to 533 1.5 ton day -1 ) over East Asia in the simulation periods.
534
The TD dust was not easily transported out of the basin because of 535 the complex terrain and the prevailing wind, even if the TD has the larger 536 dust emission. Specifically, the TD is surrounded by mountain ranges that 537 exceed 3000 m in height, except for the Hexi corridor opening to the 538 northeast. The process that generated the dust storms was strongly 539 affected by these topographical characteristics in addition to the surface 540 conditions. In addition, the easterly wind dominated the TD areas. Thus, 541 the contribution of the transported TD dust to the dust sink was still 542 smaller than that of the GD dust, but a small amount of finer dust 543 particles over the TD was lifted to 4 km or higher where they were 544 transported long distances from the source regions. The effects of the TD 545 dust were felt not only locally but more concern in regions far from the 546 sources.
547
Dust significantly affected the radiation budget during the dust storm 548 event and the average values of the net radiative forcing induced by the 549 TD and GD dust at the surface were as large as -8 W m -2 and -10 W m -2 , 550 respectively. While at the TOA the net radiative forcing of GD was much 551 larger than those of TD. The average net dust radiative forcing in the 552 atmosphere varied from +1 to +6 W m -2 over the downwind regions, 553 including eastern China, Korea and Japan. Besides, the larger positive 554 SW radiative forcing in the atmosphere resulted in warming in the 555 atmosphere and the radiative heating rate in TD ranged from 0.04 to 0.12 556 K day -1 , lower than those of the GD.
557
Compared with the TD dust, the importance of the GD dust to the 558 dust concentration in eastern China, Japan and Korea is most often 559 Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -531, 2016 Manuscript under review for journal Atmos. Chem. Phys. Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 -531, 2016 Manuscript under review for journal Atmos. Chem. Phys. Published: 3 August 2016 c Author(s) 2016. CC-BY 3.0 License. 
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